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ABSTRACT
Asymptotic Efficiency in Stackelberg Markets with Incomplete Information
by Jianbo Zhang and Zhentang Zhang*
This paper examines the asymptotic (in)efficiency of Stackelberg markets with incomplete
information.  Firms who are early in the queue make their quantity choices based on
limited information and their output choices are likely to deviate from those optimal under
complete information.  Due to the presence of both payoff externality and information
externality, the output deviations of early firms have a lasting effect on all subsequent
output decisions.  Consequently, the total market output diverges from the competitive
equilibrium output even as the number of firms goes to infinity. That is, Stackelberg
markets with incomplete information are asymptotically inefficient with probability one.
ZUSAMMENFASSUNG
Asymptotische Effizienz in Stackelberg-Märkten mit unvollständiger Information
In diesem Beitrag wird die asymptotische (In-)Effizienz von Stackelberg-Märkten mit
unvollständiger Information untersucht. Unternehmen, die frühzeitig auf den Markt
kommen, bestimmen ihre Ausbringungsmengen unter unvollständiger Information. Aus
diesem Grunde sind ihre Mengenentscheidungen im allgemeinen verschieden von den
optimalen Ausbringungsmengen unter vollständiger Information. Auszahlungswirksame
Externalitäten und Informationsexternalitäten bewirken, daß die Mengenentscheidungen
der frühzeitig auf den Markt treffenden Unternehmen zu pfadabhängigen Mengen-
entscheidungen nachfolgender Unternehmen führen. Im Ergebnis ist dann die gesamte
Ausbringungsmenge aller Unternehmen verschieden von dem Konkurrenzgleichgewicht
- selbst dann, wenn die Anzahl der Unternehmen gegen unendlich strebt. Das heißt,
Stackelberg-Märkte mit unvollständiger Information sind asymptotisch ineffizient mit
der Wahrscheinlichkeit eins.
                                                          
* We would like to thank Larry Samuelsen for his insightful discussions on the topic of this paper.
1. Introduction
It is well known that markets may fail because of limited competition or the existence
of incomplete information1.  The inefficiency due to these two sources, however, can be
respectively eliminated in a large market as the number of firms tends to infinity.
Wilson (1977) demonstrates that in a sealed bid tender auction where each bidder has
private information, the winning bid will converge in probability to the true value of the
object as the number of bidders grows large.  This result is extended and generalized by
Milgrom (1979), who obtains necessary and sufficient conditions for convergence.2
Regarding the inefficiency from market power, Novshek (1980) and Robson (1990)
investigate Cournot and Stackelberg markets respectively and show that under general
demand and U-shaped average cost curves, the inefficiency arising from market power
will disappear asymptotically as the minimum efficient scale tends to zero.  That is,
both Cournot and Stackeberg equilibria under complete information converge to the
competitive equilibrium as the number of firms tends to infinity.
A natural question to raise is whether inefficiency in markets with both market power
and incomplete information is also eliminated as the number of firms tends to infinity?
The asymptotic property of the Cournot model with incomplete information has been
investigated in the literature.  Palfey (1985) shows that, under certain assumptions on
the information structure, a Cournot market with unknown demand becomes efficient as
the number of firms grows large.  Li (1985) obtains the same result by endogenizing
firms decision to share information.3  Vives (1988) demonstrates that Palfey and Lis
result depends on the production technology exhibiting constant returns to scale.
However, so far in the literature, no studies have looked at whether the inefficiency in
Stackelberg markets with incomplete information could be eliminated as the number of
firms tends to infinity?  That is, whether large Stackelberg markets aggregate
information efficiently?  This paper attempts to fill this gap.
                                                
1 See, for example, Akerlof (1980) for classical discussion of the problem.
2 Swinkels (1996) shows that discriminatory private value auctions for multiple objects are
asymptotically efficient as the number of players grows large.
3 The incentives for Cournot oligopolists to share information have been studies extensively in the
literature, for example, by Li (1985), Shapiro (1986) and Vives (1984).  They conclude that when the
uncertainty is about a firm-specific parameter, perfect revelation is the unique equilibrium.  On the
other hand, when the uncertainty is about a common parameter, no information sharing is the unique
equilibrium.
2The information structure arising in Stackelberg competition is similar to the one in
information cascade literature introduced by Banerjee(1992), and Bikchandani,
Hirshleifer and Welch (1992).  Under such an information structure, agents take actions
sequentially after observing the action history and a private signal.  An information
externality occurs since each agents private information is revealed, perfectly or
imperfectly, through its action to the following agents and may thereby alter their
believes about the underlying uncertainty.  This information externality may give rise to
information cascades4.  Although the literature on information cascade illuminates how
inefficiencies can be generated in a sequential action model through information
externality, it is not well suited to analyze the information aggregation problem in large
Stackelberg markets. The reason for this is that information cascade models assume that
there is no strategic value for a player early in the queue to manipulate its action in
order to influence the actions of the following players.  That is, they assume that there
are no strategic interactions between players and thereby no payoff externality. By
assuming away the strategic interactions, the information cascade literature captures the
inefficiencies resulting only from information externalities but not from payoff
externalities.5  In Stackelberg markets with incomplete information, the effects of every
firms action on the payoffs of its successive firms are two-folded:  First, the strategic
interactions between leaders and followers create payoff externality.  Second, every
firms action conveys its private information and thereby affects its following firms
belief about the unknown state, which creates information externality.  It is this payoff
externality entwined with the information externality, as shown below, that drives the
efficiency loss even as the number of firms goes to infinity.
The main result of the paper can be illustrated by considering the following scenario: a
number of firms engage in Stackelberg competition making their production choices
sequentially.  The nature of demand is unknown to the firms.  In addition to receiving a
private signal, each firm observes all the actions of the preceding firms and tries to infer
their private information through these actions.  Based on the private signal and the
inferred public information, every firm makes its quantity choice.  In general, this game
is an extended signaling game with many players where the quantity choice of each
                                                
4 An information cascade is defined, as by Lee (1993), as the convergence of the sequence of actions.  A
fully revealing information cascade is said to occur if the limit is optimal under the true state.
Otherwise, a non-fully revealing information cascade occurs.
5 Similarly, Vives (1993) studies the speed of convergence to the rational expectations equilibrium in a
simple dynamic model of rational learning between agents.  However, he assumes that the action of one
player does not affect the profits of other periods.  That is, he assumes that there are no strategic
interactions between players across periods.
3leader is a signal about its private information to all its followers.6  Recall that dynamic
games with incomplete information tend to have multiple equilibria and there is no
exception in this game.7  The refinement of Perfect Bayesian equilibrium adopted in this
paper is called the extended intuitive criterion, which is an extended version of the
intuitive criterion of Cho and Kreps (1987).  More precisely, the intuitive criterion is
applied to every continuation game of the extended signaling game.  Since every
continuation game satisfies the single crossing property, the extended intuitive criterion
leaves us with a unique separating equilibrium.  This implies that every firms quantity
choice fully reveals its private information to all its followers.  Therefore, according to
the strong law of large numbers, the true state of demand is eventually revealed to the
firms who are sufficiently late in the queue. The basic point is as follows: in the
information cascade models with no payoff externality, the revelation of the truth
necessarily forces the later players to take actions which are optimal under complete
information. This cannot happen in the current model precisely due to the payoff
externality that is present.  Intuitively, the first firm can get either a high or a low signal
with a positive probability regardless of what the true state of demand is. As a
consequence, its quantity choice may be different from the quantity choice under
complete information. The quantity choice of the first firm will then affect the quantity
choices of all the firms later in the queue, due to the payoff externality.  As a result,
output deviations of early firms have a lasting effect on all subsequent output decisions
and the total market output does not converges to the competitive equilibrium. This is
true despite the fact that firms sufficiently back in the queue have almost complete
information about demand.8
The rest of the paper is organized as follows.  In Section 2 we sets up the model.  In
Section 3 we investigates the asymptotic (in)efficiency of the Stackelberg market.  In
Section 4 comments and concludes are given.
                                                
6 In this extended signalling game, every player has private information while in the standard signalling
games, only the first player has private information.
7 To obtain a unique equilibrium a refinement is necessary.
8 In our set-up, we do not assume that there is a designed mechanism which solicit information before
implementing the transactions as in Gul and Postlewaite (1992).  Neither do we assume there is a
market auctioneer who pools information and sets market clearing price as in Rutichini, Satterthwaite
and Williams (1994).  Instead, the private information is revealed through the quantity choices of the
firms.
42. Model
Consider a Stackelberg market with N firms making production choices sequentially.
Firms are assumed to have constant marginal cost; i.e., c q cqn n( ) = , n N= 1 2, ,... .
There are no fixed costs.  Following Novshek and Sonnenschein (1982) and Vives
(1988), firms private information is about the demand intercept: p a S bQ= + − ;
where Q  is total market output and it is assumed that a c>  and b > 0 .  State S  is a
random variable which is distributed over a finite state space Ω ⊂ R1 .  The unknown
state could be interpreted as a parameter affecting consumers taste, so that a higher
state would result in a higher market demand and vice versa.  Firms do not know the
realization s  of S , but have common initial prior distribution µ0( ) Pr ( )s ob S s= = ,
which is assumed to be non-degenerate.
The information structure of the game is as follows: at the beginning of the game, a
state s  is drawn randomly from the finite state space Ω  and remains fixed throughout.
Each firm makes output choice based on its private signal and the public information in
order to maximize its profits. Following Lee (1993), the private signal of firm n, xn , is
drawn randomly from a Bernoulli distribution }{xn ∈ 0 1, . The draw of a signal is
conditionally i.i.d. given the state.
Firm n, chooses qn  from its action set AN , where [ ]A QN = 0, 9.  The fact that AN  is
compact and convex guarantees the existence of an equilibrium.  Given the state of
nature s , the information set of firm n is given by }{Ωn n nh x= , , where
h q q qn n= −( , ,... , )1 2 1  ( h1 = φ ) is the history of actions and xn  is the private signal of
firm n.  The behavior strategy of firm n, σn n n nq h x( ( , ))  is a mapping from the
information set to the action set.  Each firm, before making its output choice, has an
identical initial prior belief µ0( )s  over the states.  After observing the output choices of
its preceding firms as well as receiving a private signal, the firm updates its prior belief
according to Bayes rule.  The output choice is optimal with respect to the posterior
belief.  Let µn = prob s h xn n( ( , ))  denote the posterior belief of firm n.  Firm ns
expected profit function is given by E
nµ πn  = E{(a + - bQ)q }n nS c− Ω , where Q  is the
total market output.  We solve for Perfect Bayesian equilibria.
                                                









( )Ω .  This is because any
choice of quantity greater than Q  results in a strict expected loss, regardless of other firms choices.
5Given the number of firms N and the realized signal vector rx x x xN= ( , ,... , )1 2 , a
perfect Bayesian equilibrium (hereafter, PBE) is defined as follows:
Definition: A PBE is a set of strategies (σ σ1
* *,... , )N  and posterior beliefs ( ,... , )µ µ1 N
such that for any µ0 , hn and n=1,2,,N,
( )P1  σ πµn n n n q n n n n n N nq h x E h q q q q qn n
* * *( ( , )) arg max ( , , ( ),... , ( ))∈ +1 ;




* * *( ) arg max ( , , ( ),... , ( ))1 , for any
i=1, 2,,N-n;
( )B  µn( ( , ))s h xn n  is derived from the prior µ0( )s , σn n n nq h x− − − −1 1 1 1* ( ( , ))  and
σn i nq− + −1 1
* ( )  according to Bayes rule, when applicable.10
That is, a PBE of an extended signaling game with N players requires that the strategies
yield a PBE for every continuation game.
To simplify the analysis, we make the following assumptions.
Assumption 1: The signals are unbiased estimators of the state. That is, E x s sn( ) = .
From Assumption 1, we have that s prob x sn= =( )1  and 1 0− = =s prob x sn( ) .  That
is, it is more likely to get a good signal ( xn = 1 ) when the state of nature is good.
Assumption 2: The conditional probability of  signal, xn = 1 , is strictly between 0 and
1.  That is, 0 1 1< = <prob x sn( ) .
Assumption 2 implies that for any given state, there is a positive probability that each
firm gets either signal xn = 1  or signal xn = 0 .  Assumption 2 rules out degenerate
cases.
To extend the spirit of subgame perfection to this game, we would like to require that
the strategies yield PBE for every continuation game starting from every possible
                                                
10 Note that if qn−1  is not part of firm (n-1)s optimal strategy for some private signal, observing qn−1  is a
probability 0 event, and Bayes rule does not pin down posterior beliefs.  Any posterior beliefs are then
admissible.
6history hn .  We make the following assumptions on players beliefs at the start of each
continuation game.
Assumption 3: For any history hn , player n+1 to player N have the same beliefs about
the state of nature given hn .
Recall that dynamic games with incomplete information tend to have multiple equilibria
because Bayes rule has no bite in out-of-equilibrium events and any posterior beliefs
are admissible at out-of-equilibrium information sets. Consequently, the game above
will potentially have multiple equilibria, unless we make use of a refinement. Using the
intuitive criterion introduced by Cho and Kreps (1987), we propose an extended
intuitive criterion which means that we apply the intuitive criterion of Cho and Kreps
(1987) to every continuation game. In other word, we extend the intuitive criterion to
our extended signaling game with many players.
3.  Stackelberg Competition with incomplete Information
We can now investigate whether  Stackelberg  markets with incomplete information are
asymptotically efficient in the presence of both information and payoff externalities.
There are N firms making their output choice sequentially in a hierarchical Stackelberg
framework.  Without loss of generality, the order of firms actions is assumed to be
exogenously given by 1,2,..., N.11
Let us examine pooling equilibria first.  At a pooling equilibrium, firm n produces the
same output no matter what signal he gets (0 or 1).  The followers of firm n, firm n+1 to
firm N, therefore update their posterior believes only based on their private signals.
This implies that for any n, the information set of firm n is simply }{Ωn nx= .  Hence,
firm ns expected payoff function can be simplified to
E
nµ πn  = E{(a + - bQ)q }n nS c x− .
                                                
11 It is an interesting problem to endogenize the order of firms actions.  Mailath (1993) studies
endogenous sequencing of firm decisions in a duopoly setup with asymmetric information between
firms.  Chamley and Gale (1994) and Zhang (1997) endogenize the sequential choice of agents in an
information cascade context.
7The existence and refinement of the pooling equilibria are given in the following
proposition:
Proposition 1: Given the number of firms N and the realized signal vector
rx x x xN= ( , ,... , )1 2 , there exists a continuum of pooling PBE.  Furthermore, the
extended intuitive criterion eliminates all the pooling equilibria.
Proof: See Appendix.
Next, we study separating equilibria.  For a separating equilibrium, every firms
quantity choice perfectly reveals its private information.  Therefore, firm ns
information set Ωn  can be reduced to }{Ωn n nx x x x= −1 2 1, ,..., , .  Consequently, the
expected payoff function of firm n is given by
E
nµ πn  = E{(a + - bQ)q }n nS c x x− ( ,..., )1 .
The existence and the refinement of the separating equilibria are given by the following
proposition:
Proposition 2: Given the number of firms N and the realized signal vector
rx x x xN= ( , ,... , )1 2 , there exists a continuum of separating PBE.  Furthermore, the





















,     (1)
p N x a bQ N x S( , ) ( , )r r= − + .        (2)
Proof: See Appendix.
Proposition 1 and 2 imply that the extended intuitive criterion equilibrium refinement
leaves us with a unique PBE.  Before proceeding to investigate the asymptotic
(in)efficiency of Stackelberg markets in the presence of both information and payoff
externalities, we present the following useful lemmas.
8Lemma 1: Along the unique PBE path, the best responses of firm ns followers, firm























N n= − −
1
2
;  where n N= −1 2 1, ,... , and
}{Ωn n nx x x x= −1 2 1, ,..., , .
Proof: See Appendix.








.  This is an important result as it
implies that the impact of a firms output choice on total output is smaller the later back
in the game the firm is. Conversely, the output choices of early firms have a lasting
effect on all subsequent output decisions.
In order to have a base for comparison, we use the perfect competitive equilibrium
outcome with complete information as a benchmark.12  The following lemma is trivial
to obtain.
Lemma 2: Let ( )Q s p s0 0( ), ( )  be the competitive equilibrium outcome with complete





 and p s c0( ) = .
We are now ready to state our main result regarding the asymptotic (in)efficiency of
Stackelberg markets with incomplete information.
Theorem: For any realization s  of S , Let ( )Q N s p N s( ), ( )  be the vector of random
variables which represents the unique (stochastic) PBE given by (1) and (2).  Then
( )Q N s p N s( ), ( )  converges to some ( )Q s p s* *( ), ( )  as N goes to infinity.  For almost
all realizations s , ( )Q s p s* *( ), ( ) ( )≠ Q s p s0 0( ), ( ) .13
                                                
12 Our main results would not change if we use the competitive equilibrium outcome under incomplete
information as the benchmark since the stochastic competitive equilibrium outcome converges in
probability to a degenerate distribution, as the number of firms goes to infinity (see Vives (1988)).
9Proof: From Proposition 2, for any N and rx , there exists a unique PBE given by






















p N s a bQ N s s( ) ( )= − + ; where }{Ωn n nx x x x= −1 2 1, ,..., , .
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( )*→ + − ≡
=
∞∑ Ω21 .
Let s*  be the unique solution to the following equation:
[ ]
s





∞∑ ( )Ω21 .
It is then trivial that ( ) ( )Q s p s Q s p s* *( ), ( ) ( ), ( )≠ 0 0  unless s s= * .            Q.E.D.
The Theorem shows that the Stackelberg output is insufficiently low ( Q s Q s* ( ) ( )< 0 )
when the true state of demand is good ( s s> * ), while it is insufficiently high
( Q s Q s* ( ) ( )> 0 ) when the true state of demand is bad ( s s< * ). In sum, the Stackelberg
output is asymptotically inefficient with probability one.14
The intuition behind the above result is as follows.  Firms make their production
decisions sequentially based on their private information as well as the inferred public
information of the preceding firms.  Since every continuation game of the Stackelberg
                                                                                                                                              
13 We are grateful to an anonymous referee for the way this theorem is now stated.
14 The fact that the stochastic Stackelberg equilibrium outcome does not converge to the competitive
equilibrium outcome is equivalent to stating that there is no convergence to a degenerate distribution
since the degenerate Stackelberg equilibrium outcome converges to the competitive equilibrium
outcome (See Robson (1990)).
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game satisfies the single crossing property, the extended intuitive criterion selects a
separating equilibrium, which implies that the leaders quantity choices fully reveal
their private information.  Consequently, the firms who are sufficiently back in the
queue have almost complete information, according to the strong law of large numbers.
However, the firms who are early in the queue have very limited information about the
unknown demand and their quantity choices tend to be different from the choices under
complete information.  In addition, these early firms production choices affect the
output choices of the later firms due to the payoff externality existing in the game.
Therefore, the deviations of the early firms output choice have a lasting effect on all
subsequent output decisions and causes the total market output to be diverging from the
competitive equilibrium output even as the number of firms goes to infinity.
The above theorem can be further illustrated in the following example.
Example: Suppose the initial prior distribution µo s( )  is the uniform distribution over


















, where }{Ωn n nx x x x= −1 2 1, ,..., , .15
Therefore, 


















 by Assumption 1.






















∞∑ 12 21 .
From Taylor expansion ln( ) ( ... ... )1
2
2



















= − + − ≈ +( ln ) ( ln . ) . . .
Therefore, Q N s
a c
b b




0 46 0 27 , and
p N s c s p s( ) ( . . ) ( )*→ + − ≡0 54 0 27 .
                                                
15 See Welch (1992).
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It is trivial that Q s Q s* ( ) ( )< 0  if s >
1
2




Q s Q s* ( ) ( )= 0 .
4. Concluding Remarks
In this paper, we have demonstrated that large Stackelberg markets do not aggregate
information efficiently, even if the technology exhibits constant return to scale.  That is,
in the presence of incomplete information, Stackelberg markets are asymptotically
inefficient with probability one.  This is because the early firms make their production
choices based on the very limited information and consequently tend to over- or under-
produce.  In addition, the payoff externality ensures that the quantity choices of the early
firms have a lasting effect on the output decisions of all subsequent firms.  As a result,
the over- or under-production of the early firms gets carried over and drives the
efficiency loss.
The extended intuitive criterion selects a unique separating equilibrium, which ensures
that each firms private information is fully revealed to the successive firms and
accordingly the underling uncertainty is gradually resolved along the queue as the
number of firms becomes large.  Therefore, firms who are sufficiently far back in the
queue have almost complete information about the demand.  In this sense, there is no
efficiency loss from the information externality per se, and there is no possibility for a
non-fully revealing information cascade to occur.  It would be interesting to investigate
a class of games where agents actions do not fully reveal their private information.16  In
this case, a non-fully revealing information cascade may arise as discussed in
Banerjee(1992), Bikchandani, Hirshleifer and Welch (1992), and Zhang and Zhang
(1995).  The efficiency loss in these games is therefore expected to be larger due to the
additional inefficiency from information externalities.
                                                
16 One example of this class of games is a Stackelberg game where each firm can only observe some but
not all its preceding firms actions.
12
Appendix
Proof of Proposition 1: At a pooling equilibrium, each firm updates its posterior belief
only based on its own private signal, i.e. { }Ωn nx=  for n = 1, .., N.  For any given N and
history hn , a pooling equilibrium is said to survive the extended intuitive criterion if it
survives intuitive criterion of Cho and Kreps (1987) in every continuation game.  We
solve this game backward.
1.  Continuation game N
For any given hN−1 , this continuation game consists of only the Nth firm whose
equilibrium output is given by,
[ ]q E q a c S bQ xN q N NN* arg max ( )∈ − + − (A1)
2. Continuation game N-1
For any given hN−2 , this continuation game consists of firm (N-1) and firm N.  Let qN−1
denote a pooling equilibrium for firm N-1.  Firm (N-1)s expected payoff is













Thus the best way to sustain qN−1  as a pooling equilibrium is to assume that firm N
believes that firm N-1 gets signal xN − =1 1  when it observes ′ ≠− −q qN N1 1 .  So qN−1  will
indeed be a pooling equilibrium if and only if the following conditions are satisfied.




max ( , )*
q N N NN
E q q x
1
1 1 1π ,




max ( , )*
q N N NN
E q q x
1
1 1 0π ,
where q qN N
* ( )
−1  is given by (A1) and ′ ′ −q qN N
* ( )1  is given as follows:
[ ]′ ∈ ′ − + − =
′
−
q E q a c S bQ x xN q N N NN
* arg max ( )( , )1 1 .
Therefore, there exists a continuum pooling equilibria [ ]q q qN N N− − −∈1 1 1, , where qN −1
and qN −1  are the lower and upper bound of qN−1  which satisfies (M1) and (M2).
13
In order to eliminate this continuum pooling equilibria, we use intuitive criterion of Cho
and Kreps (1987) to this continuation game.  Define ′ <
− −
q qN N1 1  by the smallest root of
[ ]E q r xN N Nπ( , )*′ =− −1 1 1 [ ]= =− −E q q xN N Nπ( , )*1 1 1 , where
[ ]r E r a c S bQ bq br x xN r N N N N N NN* arg max ( )( , )∈ − + − − ′ − =− − −2 1 1 0 .
Now, playing ′ −
−
qN 1 ε  (for ε > 0 ) is equilibrium dominated for firm N-1 with signal
xN − =1 1  but not for firm N-1 with signal xN − =1 0  since





E S x x E S x x
b
N N N N( ( , )) ( ( , ))1 11 0
2
0 .
Therefore, firm Ns posterior belief should put all the weight on xN − =1 0  following
output ′ −
−
qN 1 ε .  However, firm N-1 who gets xN − =1 0  prefers to playing ′ −−qN 1 ε  to
qN−1 .  Thus, qN−1  is not pooling output anymore.
3. Continuation game N-2
For any given hn−3 , this game consists of firm N-2, firm N-1 and firm N.  From
assumption 3, firm N-1 and firm N have the same believes after observing qN −2 .
Applying the similar argument and technique used in last continuation game to this
continuation game, we can eliminate pooling equilibria in this continuation game.
Continuing this process for every continuation game, we will then eliminate all the
pooling equilibria. Q.E.D.
Proof of Proposition 2: For a separating equilibrium, every firms quantity choice
perfectly reveals its private information.  Hence, the information set of firm n can be
simplified to }{Ωn n nx x x x= −1 2 1, ,..., , .  In addition, a separating equilibrium is said to
survive the extended intuitive criterion if it survives intuitive criterion of Cho and Kreps
(1987) in every continuation game.  We solve this game backward.
1.  Continuation game N
For any given hN−1 , this game consists of only firm N whose equilibrium output is
given by
14
[ ]q E q a c S bQN q N NN* arg max ( )∈ − + − Ω , where }{ΩN Nx x x= 1 2, ,.., .          (A2)
2.  Continuation game N-1
For any given hN−2 , this game consists of firm N-1 and firm N.  At a separating
equilibrium, the private information of firm N-1 is fully revealed to firm N through its
quantity choice.  Therefore, for firm N-1 with signal xN − =1 1 , it chooses the following
optimal quantity:






− − − − − −
∈ − + − − =
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1 1 1 1 2 1
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1* *arg max ( ( ))( , )Ω ,    (A3)













−1  is given by (A2) with xN − =1 1 .  That is,
[ ]q q E q a c S bQ x xNH N q N N N NN* ( ) arg max ( )( , , )− − −∈ − + − =1 2 1 1Ω . (A4)
On the other hand, for firm N-1 with signal xN − =1 0 , a separating equilibrium qN−1  is
such that the following conditions are satisfied jointly:










1 2 1 1π Ω [ ]≥ =− − −E q r xN N N Nπ( , )( , )*1 2 1 1Ω ,
(S2): [ ]E q r xN N N Nπ( , )( , )*− − − = ≥1 2 1 0Ω [ ]max ( , )( , )*q N NH N NN E q q x− − − − =1 1 2 1 0π Ω ,
where qN
H*  is given by (A4) & [ ]r E q a c S bQ x xN q N N N NN* arg max ( )( , , )∈ − + − =− −Ω 2 1 0 .
(S1) says that when firm N-1 gets signal xN − =1 1 , it does not want to produce the
output which corresponds to signal xN − =1 0 .  (S2) says that when firm N-1 gets signal
xN − =1 0 , it does not want to produce output which conveys signal xN − =1 1 .







−1  are the lower and upper bound of qN
L
−1  which satisfies (S1) and (S2).
Therefore, there exists a continuum separating equilibria.  The firm with signal
xN − =1 1  prefers playing qN
H
−1
*  while the firm with signal xN − =1 0  prefers playing[ ]q q qNL NL NL− − −∈1 1 1, .  From (S1), it is clear that playing qNL −1  is equilibrium dominated for
the firm with signal xN − =1 1 , but not for the firm with signal xN − =1 0 .  So firm Ns
posterior belief should put all the weight on signal xN − =1 0  following qN
L






[ ]q E q r xNL
q
N N N N
N
− − − −
∈ =
−
1 1 2 1
1




*  is the unique separating equilibrium surviving the elimination of weakly
dominated strategies for firm with signal xN − =1 0 .
Hence, for any hN−2 , the equilibrium refinement of this continuation game leaves us
with a set of unique PBE strategy ( , )* *q qN N−1 , where qN
*  is given by (A2) and qN−1
*  is
given by the following (A5):
[ ]q E q a c S bQ bqN
q
N N N N
N
− − − −
∈ − + − −
−
1 1 1 1
1
* *arg max ( )Ω .  (A5)
3. Continuation game N-2
For any given hn−3 , this game consists of firm N-2, firm N-1 and firm N.  From
assumption 3, firm N-1 and firm N have the same beliefs after observing qN −2 .  By the
similar reasoning as in last continuation game, the elimination of weakly dominated
strategies of this continuation game leave us with a set of unique separating PBE profile
( , , )* * *q q qN N N− −2 1 , where qN
*  is given by (A2), qN−1
*  is given by (A5) and qN−2
*  is given
by the following (A6)
[ ]q E q a c S bQ bq bqN
q
N N N N N
N
− − − − −
∈ − + − − −
−
2 2 2 1 2
2
* * *arg max ( )Ω .  (A6)
Continuing this process for every continuation game, the extended intuitive criterion
leaves us with a unique separating PBE satisfying
[ ]q E q a c S bQn q n nn* arg max ( )∈ − + − Ω , for n= 1, 2, ,N.
Therefore, along the unique separating PBE path, we have
a - c - bq - bQ -  bq
dq
dq




n∑ S Ω ) ;







 and n=1, 2, , N.17
Applying Lemma 1 (which is proved below) and rearranging the above equation, we
have
                                                
17 We have implicitly assumed that firms have rational expectations, i.e., E q q i ni i n i( ( ) ) ;Ω Ω = > .
16
q =  2
a - c + E(
n








 ;  n=1,2,,N.
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Summing over n = 1,2,...,N, we have that for every N and the realized signal vector
rx x xN= ( ,... , )1 , the unique stochastic PBE which survives the extended intuitive





















Thus, p N X a bQ N X S( , ) ( , )= − + .  Q.E.D.
Proof of Lemma 1: We prove this lemma by mathematical induction.
Along the unique separating PBE path, we have that




















Now suppose that the lemma holds for firm n+1.  That is, along the unique separating
















































 for any j n≥ + 2 .  (L2)
Now we want to show the lemma also holds true for firm n.
                                                

















 in order to guarantee
that qn* > 0 .
17
From the proof of Proposition 2, firm (n+1)s best response along the unique separating
PBE path can be derived as follows:,
a c bq bQ b q bq
dq
dq






− − − − − + =+ +
= + += +
∑ ∑2 01 1
2 12























∑( ) )N n n j
j n
N
nbq b q a c bQ E S( n+1Ω










 + = −
− − +
= +































































































1( ) ( ) .




















































N n N n
n
n












Akerlof, G.A. (1970) "A Market for Lemons: Quality Uncertainty and the Market
Mechanism. " Q.J.E., 84, 488-500.
Banerjee, A. (1992) "A Simple Model of Herd Behavior." Q.J.E., 107, 797-817.
Bikchandani, S. Hirshleifer, D. and Welch, I. (1992), "A theory of Fads, Fashion,
Custom, and Cultural Changes as Information Cascades." J.P.E. 100, 992-1026.
Chamley, C. and D. Gale, (1994), "Information Revelation and Strategic Delay in a
Model of Investment. " Econometrica, Vol. 62, 1065-1085.
Cho, I. K. and D. Kreps (1987), "Signaling Games and Stable Equilibria." Q.J.E. 5102,
179-221.
Gul, F. and A. Postlewaite (1992), "Asymptotic Efficiency in Large Exchange
Economies with Asymmetric Information." Econometrica, 60, 1273-1292.
Lee, In Ho (1993) "On the convergence of Informational Cascades." Journal of
Economic Theory, 61, 395-411.
Li, L (1985), "Cournot Oligopoly with Information Sharing." Rand Journal of
Economics, 16, 521-536.
Mailath, G. (1993), "Endogenous Sequencing of Firm Decisions." Journal of Economic
Theory, 59, 169-182.
Milgrom, P. R. (1979), "A Convergence Theorem for Competitive Bidding with
Differential Information." Econometrica 47, 679-688.
Novshek, W. (1980), "Cournot Equilibrium with Free Entry." Review of Economic
Studies, 47, 473-486.
Novshek, W. and H. Sonnenschein (1982), "Fulfilled Expectations Cournot Duopoly
with Information Acquisition and Release." Bell Journal of Economics, 13, 214-218.
Palfrey, T. R. (1985), "Uncertainty Resolution, Private Information Aggregation and the
Cournot Compeittive Limit." Review of Economic Studies, 52, 69-83.
Robson, A. J. (1990), "Stackelberg and Marshall," The American Economic Review 80,
69-82.
Shapiro, C. (1986), "Exchange of Cost Information in Oligopoly." Review of Economic
Studies, 53, 433-446.
20
Swinkels, J. (1996), "Asymptotic Efficiency for Discriminatory private value Auctions,"
Northwestern University discussion paper No. 1173.
Vives, X. (1988), "Aggregation of Information in Large Cournot Markets."
Econometrica, 56, 851-876.
Vives, X. (1993), "How Fast do Rational Agents Learn?" Review of Economic Studies,
60, 329-347.
Welch, I. (1992) "Sequential Sales, Learning and Cascades." Journal of Finance 47,
695-733.
Wilson, R. (1977), "A Bidding Model of Perfect Competition." Econometrica 44,
511-518.
Zhang, J. (1997) "Strategic Delay and the Onset of Investment Cascades." The Rand
Journal of Economics, Vol 28, No.1, 188-205.
Zhang, J. and Zhang, Z. (1995), "Information Externality, Limited Observations and the
Emergence of Truth in Sequential Decisions." WZB Working Papers, FS IV 95-25.
Bücher des Forschungsschwerpunkts Marktprozeß und Unternehmensentwicklung
Books of the Research Area Market Processes and Corporate Development
(nur im Buchhandel erhältlich/available through bookstores)
Lars Bergman, Chris Doyle, Jordi Gual, Lars
Hultkrantz, Damien Neven, Lars-Hendrik Röller,
Leonard Waverman
Europes Network Industries: Conflicting
Priorities - Telecommunications
Monitoring European Deregulation 1
1998, Centre for Economic Policy Research
Manfred Fleischer
The Inefficiency Trap
Strategy Failure in the
German Machine Tool Industry
1997, edition sigma
Christian Göseke
Information Gathering and Dissemination





Wettbewerb und internationaler Kooperation




Horst Albach, Jim Y. Jin, Christoph Schenk (eds.)
Collusion through Information Sharing?
New Trends in Competition Policy
1996, edition sigma
Stefan O. Georg
Die Leistungsfähigkeit japanischer Banken




Cooperation for Product Innovation
1996, edition sigma
Horst Albach, Stephanie Rosenkranz (eds.)
Intellectual Property Rights and Global
Competition - Towards a New Synthesis
1995, edition sigma.
David B. Audretsch
Innovation and Industry Evolution
1995, The MIT Press.
Julie Ann Elston
US Tax Reform and Investment: Reality and
Rhetoric in the 1980s
1995, Avebury
Horst Albach
The Transformation of Firms and Markets:
A Network Approach to Economic
Transformation Processes in East Germany
Acta Universitatis Upsaliensis, Studia Oeconomiae
Negotiorum, Vol. 34
1994, Almqvist & Wiksell International
(Stockholm).
Horst Albach
"Culture and Technical Innovation: A Cross-
Cultural Analysis and Policy
Recommendations"
Akademie der Wissenschaften zu Berlin (Hg.)
Forschungsbericht 9, S. 1-597
1994, Walter de Gruyter.
Horst Albach
Zerissene Netze. Eine Netzwerkanalyse des
ostdeutschen Transformationsprozesses
1993, edition sigma.
Zoltan J. Acs/David B. Audretsch (eds)
Small Firms and Entrepreneurship: An East-
West Perspective
1993, Cambridge University Press.
Anette Boom




David B. Audretsch/John J. Siegfried (eds),
Empirical Studies in Industrial Organization
1992, Kluwer Academic Publishers.
Zoltan J. Acs/David B. Audretsch
Innovation durch kleine Unternehmen
1992, edition sigma.
Hanfried H. Andersen, Klaus-Dirk Henke,
J.-Matthias Graf v. d. Schulenburg (Hrsg.)
Basiswissen Gesundheitsökonomie, Band 1:
Einführende Texte
1992, edition sigma.
Hanfried H. Andersen, Klaus-Dirk Henke,
J.-Matthias Graf v. d. Schulenburg unter Mitarbeit
von Georg B. Kaiser




Rabah Amir R&D Rivalry and Cooperation under FS IV 97 - 1
John Wooders One-Way Spillovers
Frank Verboven Testing for Monopoly Power when Products FS IV 97 - 2
are Differentiated in Quality
Frank Verboven Localized Competition, Multimarket Operation FS IV 97 - 3
and Collusive Behavior
Jim Y. Jin Comparing Cournot and Bertrand Equilibria Revisited FS IV 97 - 4
Reinhard Koman Human Capital and Macroeconomic Growth: FS IV 97 - 5
Dalia Marin Austria and Germany 1960-1992
Lars-Hendrik Röller Why Firms Form Research Joint Ventures: FS IV 97 - 6
Mihkel M. Tombak Theory and Evidence
Ralph Siebert
Rabah Amir Cooperation vs. Competition in R&D: FS IV 97 - 7
John Wooders The Role of Stability of Equilibrium
Horst Albach Learning by Doing, Spillover and Shakeout in FS IV 97 - 8
Jim Jin Monopolistic Competition
Dietmar Harhoff Innovationsanreize in einem strukturellen FS IV 97 - 9
Oligopolmodell
Catherine Matraves Die deutsche Industriestruktur im internationalen FS IV 97 - 10
Vergleich
Yair Tauman A Model of Multiproduct Price Competition FS IV 97 - 11
Amparo Urbano
Junichi Watanabe
Dalia Marin The Economic Institution of International FS IV 97 - 12
Monika Schnitzer Barter
William Novshek Capacity Choice and Duopoly Incentives FS IV 97 - 13
Lynda Thoman for Information Sharing
Horst Albach Wirtschaftspolitische und technologie- FS IV 97 - 14
politische Folgen der Globalisierung
Horst Albach Humankapitaltheorie der Transformation FS IV 97 - 15
Horst Albach Gutenberg und die Zukunft der Betriebs- FS IV 97 - 16
wirtschaftslehre
Horst Albach Risikokapital in Deutschland FS IV 97 - 17
Dieter Köster
Hiroyuki Okamuro Risk Sharing in the Supplier Relationship: New FS IV 97 - 18
Evidence from the Japanese Automotive Industry
Bernard Sinclair-Desgagné Career Concerns and the Acquisition FS IV 97 - 19
Olivier Cadot of Firm-Specific Skills
Steven Casper Corporate Governance and Firm Strategy FS IV 97 - 20
Catherine Matraves in the Pharmaceutical Industry
Bruce R. Lyons Industrial Concentration and Market Integration FS IV 97 - 21
Catherine Matraves in the European Union
Peter Moffatt
Petri Lehto Consolidations and the Sequence FS IV 97 - 22
Mihkel M. Tombak of Acquisitions to Monopoly
Vesa Kanniainen Project Monitoring and Banking Competition FS IV 97 - 23
Rune Stenbacka under Adverse Selection
Dalia Marin Economic Incentives and International Trade FS IV 97 - 24
Monika Schnitzer
Ila M. Semenick Alam Long Run Properties of Technical Efficiency FS IV 97 - 25
Robin C. Sickles in the U.S. Airline Industry
Dietmar Harhoff Citation Frequency and the Value FS IV 97 - 26
Francis Narin of Patented Innovation
Frederic M. Scherer
Katrin Vopel
Dietmar Harhoff Exploring the Tail of Patented FS IV 97 - 27
Frederic M. Scherer Invention Value Distributions
Katrin Vopel
Jim Jin The Effect of Public Information on FS IV 97 - 28
Michael Tröge Competition and R&D Investment
Daniel A. Traca Import-Competition, Market Power FS IV 97 - 29
and Productivity Change
Michael Tröge Banking Competition as Mixed Common and FS IV 97 - 30
Private Value Auction
Lars-Hendrik Röller Capacity and Product Market Competition: FS IV 97 - 31
Robin C.Sickles Measuring Market Power in a "Puppy-Dog" Industry
Talat Mahmood Survival of Newly Founded Businesses: FS IV 97 - 32
A Log-Logistic Model Approach
Silke Neubauer Interdivisional Information Sharing - The Strategic FS IV 97 - 33
Advantage of Knowing Nothing
Silke Neubauer The Consequences of Endogenous Timing for FS IV 97 - 34
Diversification Strategies of Multimarket Firms
Christoph Schenk Capacity Decisions and Subcontracting FS IV 97 - 35
Michael Tröge Industry Ownership of Banks and Credit FS IV 97 - 36
Market Competition
Petra Korndörfer The Link Between Interest Rates on Interbank Money FS IV 97 - 37
and for Credit Lines: Are Asymmetric Interest Rate
Adjustments Empirically Evident?
Damien J. Neven Union Power and Product Market Competition: FS IV 97 - 38
Lars-Hendrik Röller Evidence from the Airline Industry
Zhentang Zhang
Horst Albach Dokumentation der Kaisha-Datenbank - Zur FS IV 97 - 39
Ulrike Görtzen Datenbank der Jahresabschlüsse japanischer




Tobias Miarka New Directions in Japanese Bank-Firm-Relationships: FS IV 97 - 40
Jianping Yang Does a Relationship Matter for Corporate Performance?
Ulrike Görtzen R&D Activities and Technical Information Flow FS IV 97 - 41
in Japanese Electronic Corporations
Andreas Moerke Japanische Unternehmensgruppen - eine FS IV 97 - 42
empirische Analyse
Andreas Moerke Does Governance Matter? Performance and FS IV 97 - 43
Corporate Governance Structures of Japanese
keiretsu Groups
Rita Zobel Employee-Transfer as an Instrument of Information- FS IV 97 - 44
Transfer through Vertical Relations?
Dietmar Harhoff Are there Financing Constraints for R&D and FS IV 97 - 45
Investment in German Manufacturing Firms?
Lutz Bellmann Zur Analyse von Gründungen und Schließungen FS IV 97 - 46
Dietmar Harhoff auf Grundlage der Beschäftigtenstatistik
Norbert Schulz
Andreas Stephan The Impact of Road Infrastructure on Productivity FS IV 97 - 47
and Growth: Some Preliminary Results for the
German Manufacturing Sector
Jim Y. Jin Incentives and Welfare Effect of Sharing FS IV 97 - 48
Firm-Specific Information
Jim Y. Jin Information Sharing about a Demand Shock FS IV 97 - 49
DISCUSSION PAPERS 1998
Horst Albach Unternehmensgründungen in Deutschland FS IV 98 - 1
Potentiale und Lücken
Dietmar Harhoff Vertical Organization, Technology Flows and R&D FS IV 98 - 2
Incentives - An Exploratory Analysis
Karel Cool Der Einfluß des tatsächlichen und des potentiellen FS IV 98 - 3
Lars-Hendrik Röller Wettbewerbs auf die Rentabilität von Unternehmen
Benoit Leleux der pharmazeutischen Industrie
Horst Albach Blühende Landschaften? FS IV 98 - 4
Ein Beitrag zur Transformationsforschung
Shiho Futagami Shukko in Japanese Companies and its Economic FS IV 98 - 5
Tomoki Waragai and Managerial Effects
Thomas Westphal
Dietmar Harhoff Lending Relationships in Germany: Empricial FS IV 98 - 6
Timm Körting Results from Survey Data
Johan Lagerlöf Are We Better Off if Our Politicians Know FS IV 98 - 7
How the Economy Works?
Justus Haucap Location Costs, Product Quality, and Implicit FS IV 98 - 8
Christian Wey Franchise Contracts
Jens Barmbold
Manfred Fleischer Patenting and Industrial Performance: The Case FS IV 98 - 9
of the Machine Tool Industry
Dieter Köster Was sind Netzprodukte? - Eigenschaften, FS IV 98 - 10
Definition und Systematisierung von Netzprodukten
Andreas Blume Coordination and Learning with a Partial Language FS IV 98 - 11
Andreas Blume An Experimental Investigation of Optimal Learning FS IV 98 - 12
Uri Gneezy in Coordination Games




Hans Mewis The Stability of Information Cascades: How Herd FS IV 98 - 14
Behavior Breaks Down
Lars-Hendrik Röller The Incentives to Form Research Joint Ventures: FS IV 98 - 15
Mihkel M. Tombak Theory and Evidence
Ralph Siebert
Christine Zulehner Econometric Analysis of Cattle Auctions FS IV 98 - 16
DISCUSSION PAPERS 1999
Suchan Chae Bargaining Power of a Coalition in Parallel Bargaining: FS IV 99 - 1
Paul Heidhues Advantage of Multiple Cable System Operators
Christian Wey Compatibility Investments in Duopoly with Demand FS IV 99 - 2
Side Spillovers under Different Degrees of Cooperation
Horst Albach Des paysages florissants? Une contribution FS IV 99 - 3
à la recherche sur la transformation
Jeremy Lever The Development of British Competition Law: FS IV 99  4






BESTELLSCHEIN / ORDERFORM Bitte schicken Sie bei Ihren Bestellungen von WZB-Papers
unbedingt eine 1-DM-Briefmarke pro paper und einen an
Sie adressierten Aufkleber mit.   Danke.
Bitte schicken Sie mir aus der Liste der
Institutsveröffentlichungen folgende Papiere zu:
For each paper you order please send a "Coupon-
Réponse International" (international money order)
plus a self-addressed adhesive label.   Thank You.
Please send me the following papers from your Publication List:
Paper Nr./No. Autor/Author + Kurztitel/Short Title

